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Abstract 


Parking a vehicle in dense traffic environments often leads to excessive driving time in search of free space, which leads 
to congestion and environmental pollution. Lack of guidance information about vacant parking spaces is one reason for 
inefficient parking behavior. Smart parking sensors and technologies facilitate the guidance of drivers to free parking 
spaces, thereby improving parking efficiency. Currently, no such sensors or technologies are used for the open parking 
lot. This study reviews the literature on the usage of smart parking sensors, technologies, and applications and evaluates 
their applicability to open parking lots. To develop smart parking applications for open parking lots, further research is 
needed in deep learning and multi-agent systems. 
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1 | Introduction 


OONN In order to reduce parking-related congestion and air pollution, public transportation, such as buses, 
Computational metro, etc., can be utilized. However, private vehicles are still used for convenience. One way to 
Algorithms and address the carbon emission issue is to replace all fuel-consumption vehicles with electric ones. Since 


Numerical Dimensions. | the average car age in Europe or the United States is approximately 11 years (U.S), it can be expected 
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eaei electric cars, cruising a vehicle to find a vacant parking space would still be time-consuming, leading 


conditions of the Creative] tO congestion. A solution to that problem might be driverless cars. The driverless vehicle is one of 
Commons Attribution the upcoming technologies currently being developed. Few companies like Google have developed 
(CC BY) license prototype vehicles supporting driverless mode in specific conditions. With the current state of 
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park a car automatically. 
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2 | Literature Review 


Innovative parking tools include sensors, technologies, and applications to identify parking occupancy 
information and improve parking efficiency [1]. In this context, literature [2] reviews various types of smart 
parking sensors, technologies, and their uses while [3] identifies research gaps in designing smart parking 
systems for stakeholders. Furthermore, it reviews intelligent parking technologies and their economic 
analysis and the advantages and drawbacks of sensors and technologies [4]. Sensors like ultrasonic and 
magnetometers are widely studied, tested, and used in various intelligent parking applications [5]. Vehicular 
Ad hoc networks and fuzzy logic were not reviewed before 2013. 


A detailed description of each sensor and technology can be found in this section, emphasizing 
expenditure [6]. 


Fig. 1. Sensor detection. 


3 | Proposed Study 


3.1 | Smart Parking Applications 


Previously, parking space reservations were made by calling the service provider. Now, with the current 
usage of the internet and smartphones, these services ate provided online using mobile and web 
applications [7]. These applications serve as decision support systems for the driver occupying a vacant 
parking space [8]. For instance, if the application shows a parking lot of choice to be completed, the driver 
can seatch for nearby parking lots with available parking spaces or choose another destination [9]. In this 
way, intelligent parking applications serve as decision support systems in occupying open parking spaces. 
Smart parking tools improve efficiency based on the following categories [10]. 


I. Guide the driver to the parking lot using display boards. 
II.Reserve and authorize the driver to a parking lot. 


3.1.1 | Method 


This paper used a literature search to identify articles related to smart parking sensors and technologies. 
Smart or intelligent parking has been focused on since the early 1980s, and several papers discuss 
implementing sensors or technologies to improve parking efficiency [11]. This paper will not review 
parking requirements and income generated due to parking. Similarly, this paper does not review 
frameworks or architecture of smart parking systems [12]. This paper focuses on sensors, technologies, 
and interfaces to collect and display real-time parking occupancy information [13]. The suitability of sensors 


and technologies is made in terms of compatibility and expenditure. Since most open parking lots are 
outdoors, compatibility is measured in terms of varying environments and lighting conditions. 


In contrast, expenditure is measured in purchase cost, installation, and maintenance activities [14]. 
Parking meters used for payments are placed either at a parking lot or beside parking spaces and are not 
referred to in this paper [15]. However, it should be mentioned that these reviews do not emphasize 
parking issues related to open parking lots [16]. 


Fig. 2. Smart parking technical guide. 


3.2 | Smart Parking Sensors 


Various sensors detect parking occupancy information, which is mentioned in the following sections. 
Sensors are one of the standard tools widely tested in several previous pieces of literature. Descriptions 
of these sensors are mentioned in the following [17]. 


3.3 | Ultrasonic Sensor 


These sensors emit sound waves between 25 to 50 kHz and detect objects based on reflected energy. 
They are usually mounted on the ceiling and are sensitive to environmental changes such as rain and 
snow [18]. Therefore, they are suitable for indoor parking lots rather than open parking lots. The 
distance at which waves are reflected can distinguish between a vehicle and a person. These sensors 
should be placed on top of every parking space to get parking occupancy status [19]. These sensors 
would be available for low cost, but installing and maintaining multiple sensors and connecting them to 
a grid would be expensive in the long run. Wireless ultrasonic sensors are also used to gather parking 
occupancy information [20]. They are connected using wireless sensor networks such as ZigBee protocol 
ot similar networks. However, a wireless sensor involves recurring maintenance costs [21]. In another 
study, ultrasonic sensors are used on a drive-by vehicle, and parking occupancy information is collected 
regularly. The real-time parking occupancy information cannot be attained using drive-by cars [22]. 


3.3.1 | Pros and cons of smart parking systems 


The most conventional technical definition is that a smart parking system is a system that collects and 
disseminates real-time parking space availability data. Of course, such systems may incorporate different 
business logic and value-added services that sometimes may have technical implications, but we will start 
with getting the tech basics right [23]. 


Today's choice of technological tools to collect real-time parking availability data boils down to three 
categories of systems: 1) cameras, 2) overhead radars, and 3) ground sensors. 
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Each has its advantages and disadvantages, and the choice of a particular intelligent car parking system 
depends on specific project requirements. 
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Fig.3. Periphery of smart parking. 
3.4 | Smart Parking Technologies 


Sensor technologies are tools that facilitate the driver in occupying a vacant parking space; descriptions of 
these technologies can be found in the following sections below. 
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Fig.4. Principles of magnetic sensor vehicle detection. 
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Fig. 5. Parking of vehicles. 


4 | Discussions 


The review of existing innovative parking applications shows that most of these applications use sensors 
for parking occupancy detection in closed parking lots, which would require considerable expenditure 
for installation and maintenance activities. However, parking occupancy information for the open 
parking lot is not provided. Few applications, such as; EasyPark Group and Parkopedia, use predictive 
analytics or crowdsourcing, which can also be used on open parking lots. The applications that used 
predictive analytics were operational in more cities and countries than those that used sensors for 
parking occupancy detection. The difference might be due to less expenditure in using predictive 
analytics than deploying sensors in all parking spaces. 


5 | Conclusion 


This paper identifies a research gap in utilizing smart parking sensors, technologies, and applications for 
open parking lots. All the existing smart parking technologies and applications are unsuitable for open 
parking lots due to varying environmental conditions and high expenditure. As there are no immediate 
economic gains from providing smart parking services in an available parking lot, payment plays an 
essential role in choosing smart parking technologies. A parking guidance system, one of the existing 
smart parking technologies, can be used to get the count of available parking spaces in open parking 
lots. Machine vision is another technology that uses the visual camera to acquire real-time parking 
occupancy information on open parking lots due to its minimal expenditure. The usage of the visual 
camera depends on regulations supported by the country, which needs to be considered prior. However, 
there is no single ideal technology suitable for parking occupancy detection. Different innovative parking 
technologies and sensors can be used for efficient and financially viable parking occupancy detection 
based on the parking lot type and size. Navigational directions should be provided to a vacant parking 
space to improve parking efficiency further. 
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